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Introduction 
The purpose of this Building America workshop was to bring together a few interested 
participants to discuss the issues associated with implementing energy efficient 
ventilation in homes. The workshop was held on January 10 at DOE Headquarters and 
the following people attended: 
Attendance List 
The workshop participants represented a wide range of interests: 
• Building America Teams 
– BIRA, IBACOS, CARB, IHP, BSC 
• Industry 
– HVI, Panasonic, Fantech 
• Labs 
– NREL, NIST, ORNL, LBL 
• Federal Agencies 
– DOE, EPA 
 
 
The following people gave presentations at the workshop 
• John Talbott  
• Steve Emmerich 
• Bob Hendron 
• Srikanth Puttagunta 
• Subrato Chandra  
• Joe Lstiburek 
• Ola Wettergren 
• Don Stevens  
• Eric Werling  
• Jeff Christian 
 
The remaining people also attended 
• Bruce Baccei  
• Duncan Prahl 
• Steve Bolibruck 
• Brad Oberg  
• David Springer 
• Ron Judkoff  
• Margo Thompson  
• David Price  
• Terry Logee  
• George James 
• James Lyons   
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Background 
The purpose of ventilation is to provide fresh (or at least outdoor) air for comfort2 and 
to ensure healthy indoor air quality by diluting contaminants. Historically, people have 
ventilated buildings to provide source control for combustion products, objectionable 
odors and to control high indoor moisture generation. Currently, a wide range of 
ventilation technologies is available to provide ventilation in dwellings including both 
mechanical systems and more sustainable technologies.  Most of the existing housing 
stock in the U.S. uses infiltration combined with window opening to provide 
ventilation. Sometimes this results in over-ventilation with subsequent energy loss or 
under-ventilation and potentially poor indoor air quality.  Recent residential 
construction methods have created tighter, less energy-consuming building envelopes 
that create a potential for under-ventilation. Infiltration rates in these new homes 
average a third to a quarter of the rates in existing stock. As a result, new homes often 
need mechanical ventilation systems to provide acceptable indoor air quality or to meet 
current ventilation standards.  
 
Because of the effects it has on health, comfort, and serviceability, indoor air quality in 
homes is becoming of increasing concern to many people. According to the American 
Lung Association a number of factors within our homes have been increasingly 
recognized as threats to respiratory health. The Environmental Protection Agency lists 
poor indoor air quality as one of the largest environmental threat to our country. 
Asthma is the leading serious chronic illness of children in the U.S.  Construction-defect 
litigation and damage are on the increase in new houses and some of this increase is 
related to indoor air quality problems such as moisture. Residential ventilation can 
address many of these indoor air quality problems.  
 
Traditionally residential ventilation was not a major concern because policy makers 
believed that, between operable windows and envelope leakage, people were getting 
enough outdoor air. However, recent research  has shown that these days the majority 
of occupants do not open windows sufficiently from the point of view of satisfying 
ventilation requirements, such as ASHRAE 62.2.  ASHRAE is in the process of 
publishing an addendum to ASHRAE 62.2 removing the exception allowing operable 
windows to meet the whole-house mechanical requirements.  Over the past three 
decades, houses have become much more energy efficient. At the same time, the types 
of materials used in furniture, appliances, and building materials in houses have 
changed. People have also become more environmentally conscious, not only about the 
resources they were consuming but about the environment in which they live. 
 
ASHRAE Standard 62.2 is a standard for ventilation for acceptable indoor air quality in 
low rise residential buildings that (together with its companion Standard 62.1 for all 
                                                          
2 Comfort in an IAQ context means acceptable perceived air quality and not principally thermal comfort.  
This includes control of irritating substances and objectionable odors. 
4 
other buildings) represents the current standard for setting ventilation rates.  Like all 
ASHRAE standards 62.2 is continually updated with the next version expected to be 
published in 2010.  
 
ASHRAE Standard 62.2 has requirements for whole-house ventilation, local exhaust 
ventilation, source control, and system requirements.  The standard assumes that 
infiltration contributes 2 cfm/100 sq. ft. (0.1 L/s/m2) of floor area. In addition to this 
infiltration, the prescriptive part of the standard requires whole-house mechanical 
ventilation rate given by Equation 1: 
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Where Q is the required ventilation rate, Afloor is the house floor area and N is the 
number of bedrooms.  For most houses the ventilation rate requirements of Equation 1 
must be met by mechanical ventilation.   
 
Standard 62.2 also requires local mechanical exhaust in kitchens and bathrooms. 
Kitchens must have the capacity to exhaust at least 100 cfm (50 L/s) through a range 
hood or provide 5 kitchen air changes per hour. Bathrooms must have the capacity to 
exhaust 50 cfm (25 L/s) or have 20 cfm (10 L/s) of exhaust continuously.  
Energy Efficiency 
Standard 62.2 sets minimum requirements for ventilation but does not address the 
energy required to provide that ventilation.   Infiltration and ventilation typically 
account for 1/3 to ½ of the space conditioning load.  As houses get more efficient both 
the infiltration and the sensible load through the envelope get reduced. 
 
In tight, energy efficient homes, such as those from Building America, the ventilation 
load becomes a larger fraction of the total load.  While the ventilation load in the 
absolute may be substantially smaller than the infiltration load in a typical home, 
reducing the ventilation load becomes more and more a priority in the quest for higher 
efficiency levels. 
 
A special problem exists in the more humid climates.  As the sensible load decreases 
through better building envelopes, the latent load from both ventilation and internal 
sources becomes a larger and larger fraction of the total load.   Conventional air 
conditioning equipment may not be able to handle such a low sensible-heat ratio 
especially during shoulder seasons. 
 
Regardless of the climate, however, there is a need to provide whatever ventilation is 
deemed acceptable in an energy efficient manner.  There have been various reports on 
how to do this with the most commonly considered systems. 
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Workshop Objectives 
The objectives for this workshop were to bring together those with different viewpoints 
on the implementation of energy efficient ventilation in homes to share their 
perspectives.  The primary benefit of the workshop is to allow the participants to get a 
broader understanding of the issues involved and thereby make themselves more able 
to achieve their own goals in this area. 
 
In order to achieve this objective each participant was asked to address four objectives 
from their point of view: 
• Drivers for energy efficient residential ventilation:  Why is this an important 
issue? Who cares about it?  Where is the demand:  occupants, utilities, regulation, 
programs, etc? What does sustainability mean in this context? 
• Markets & Technologies: What products, services and systems are out there?  What 
kinds of things are in the pipeline?  What is being installed now?  Are there regional 
or other trends?  What are the technology interactions with other equipment and the 
envelope? 
Barriers to Implementation: What is stopping decision makers from implementin
energy-efficient residential ventilation systems?  What kind of barriers are th
• g 
ere: 
• o 
 investments be 
made to save energy while improving the indoor environment? 
p. Those presentations are 
cluded in sections at the end of this workshop report. 
sed 
ey issues and some 
otential consensus items which resulted from the discussions. 
n 
tion.  
ps have very 
ifferent views on the costs and benefits of energy efficient ventilation. 
 
technological, cost, informational, structural, etc.  What is the critical path? 
Solutions: What can be done to overcome the barriers and how can/should we d
it?  What is the role of public vs. private institutions?  Where can
 
Ten participants prepared presentations for the worksho
in
 
These presentations provided the principal context for the discussions that happened 
during the workshop.  Critical path issues were raised and potential solutions discus
during the workshop.  As a secondary objective we have listed k
p
 
Key Issues 
A key theme that appeared repeatedly was that a major barrier was having the decisio
maker understand the value proposition for implementing energy efficient ventila
What this value proposition is depends strongly on who the decision maker is.  
Builders, contractors, manufacturers, consumers and public interest grou
d
 
Another broad issue was that energy efficient residential ventilation is a compound 
concept.  That is, the case for having ventilation at all must be considered first.  Once
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that is done the energy efficient aspect of it follows a similar path to other residential 
energy efficiency features. The most energy intensive part of ventilation requi
such as 62.2 is the whole-house mechanical ventilation because of the energy 
requ
rements 
irement to provide and, more importantly, the energy required to condition that 
ir. 
h 
re there was little reason to change unless they themselves 
erceived a key problem. 
 
t as 
d to 
demand to provide these benefits, but that there was currently not much 
emand. 
ilation 
showing 
ity level or was in some was 
ifferentiated he would be willing to invest in it. 
for 
nificantly 
 
cate 
s 
nants such as VOCs, 
articulates, toxic compounds, radon, formaldehyde, etc.  
ilder 
a
 
Another broad issue was that most decision makers were getting mixed messages from 
the “expert” community and were therefore unlikely to make substantial investments.  
That is, it appears to them that there is no consensus on whether to ventilate, how muc
to ventilate etc. and therefo
p
Builders 
Builders were a key group, well represented by the Building America teams presen
well as NAHB.   The general sense was that builders were primarily motivated to 
ventilate to reduce their risk.  This included risks of call-backs and risk of litigation. 
Thus durability is part of the motivation.  It was also felt that builders would respon
customer 
d
 
Builder concerns also depended on the market segment of the builders.  The low-cost 
oriented builders would not likely implement energy efficient ventilation (or vent
of any kind) unless required to by code.   The more value-added builders would 
implement energy efficient ventilation if the got sufficient value through perceived 
quality improvements in their product.  That is, if the builder had some way of 
that his product was better, met some higher qual
d
 
Some Building America participants believe that the current 62.2 rates are too high 
Building America houses in hot, humid climates. As a result their builder partners 
provide whole house mechanical ventilation in hot-humid climates that are sig
below the current 62.2 rates. This approach has led to low ventilation and low 
associated ventilation energy but very few homeowner complaints in hundreds of
homes built to date with these types of positive pressure whole house ventilation 
system over the last decade. While the lack of complaints does not necessarily indi
acceptable IAQ, limited data suggests good RH control with this strategy. Data i
lacking, however, on how such a strategy impacts contami
p
 
Because of the infiltration credit built into 62.2 some BA participants and their bu
partners view 62.2 as a barrier to building tight homes.  Some groups outside of 
ASHRAE have interpreted the standard to mean that if the building is tighter than the 
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default infiltration credit, the mechanical ventilation needs to be increased and/or 
energy benefit can be taken.  ASHR
no 
AE has formally clarified that no such thing is 
quired, but the barrier remains. 
n 
. 
s vs. single point exhaust) should in principle provide different levels 
f performance. 
n issues requiring further investigation before they can be reliably adopted by 
uilders. 
 
d 
eve that when they are told they have an 
HVAC” system, they actually get ventilation. 
 
um 
ducation is 
eeded for them to be able to actually get energy efficient ventilation. 
 
t.  
re 
o low based on medical studies and supports a higher mechanical ventilation rate. 
d 
re
 
Some also view ASHRAE Standard 62.2 as a barrier to energy-efficient ventilatio
because it does not properly credit the performance differences among various 
mechanical ventilation systems. For example, balanced systems (e.g. Heat Recovery 
Ventilators) interact differently with the building than do unbalanced systems (e.g
continuous supply).   Similarly systems that distribute the air differently (e.g. fan 
integrated system
o
 
The issues raised above of contaminants of concern, energy efficient humidity control, 
minimum rates, the role of infiltration, air distribution impacts, and system interactions 
are all ope
b
Consumers 
It was felt that few consumers understood the issues associated with ventilation and 
indoor air quality enough to make informed choices and therefore to supply deman
for the market.  Consumers may generally assume that health concerns are already 
provided by any house they buy in the same way the structural safety concerns are 
taken care of.  Many consumers apparently beli
“
 
There was a general belief that consumers would want good indoor air quality and
good ventilation, but did not know what that meant or how to ask for it. From the 
consumer standpoint ASHRAE Standard 62.2 is enabling because it specifies minim
ventilation.  Unless codes require the use of 62.2, however, consumer e
n
Manufacturers / Ventilation Industry 
The manufactures were represented by two past chairman of the Home Ventilating 
Institute each also presenting their own companies. The manufacturers of ventilation 
products have been developing appropriate equipment for the change in the marke
Many more products are available to meet the sound and air flow requirements of 
ASHRAE Standard 62.2  The industry felt that the rates of ASHRAE Standard 62.2 we
to
 
A key industry issue is getting good information into hands of decision makers 
including consumers.  This information includes the value of IAQ and the associate
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need for ventilation as well as the different implications of meeting these needs in 
different ways.  The industry felt was capable of providing systems and equipment 
formation to its customers. 
 
quirements 
e value.   The public sector could play a role of facilitator and independent third 
arty. 
has led to 
e 
in 
ng service that may require energy and so energy-efficient 
options must be explored. 
ion, 
elow reflects recommendations coming from multiple sources at the 
orkshop. 
ntable 
• 
AQ 
in
Public Sector 
DOE, EPA and the National Labs represented the public sector.  The public sector was 
seen as being the best able to answer R&D questions regarding minimum re
and system performance.  The public sector also is the key player in setting 
performance specifications that would allow labeling or certification or other means of 
allowing the market to show that particular pieces of equipment and/or systems could 
provid
p
 
From the public health perspective of organizations such as EPA, it is not surprising 
that improving RH control, in highly controlled homes in hot, humid climates 
fewer comfort complaints, since odors and RH are the most common comfort 
complaints.  However, there are many pollutants (e.g. formaldehyde, other VOC's, 
radon, ozone) that will not be controlled by this strategy, pose significant long term 
health risks, and which are often characterized by the lack of symptoms that can be 
easily discerned as comfort issues.  The focus on reducing ventilation rates to allow 
effective RH and odor control in hot/humid climates is at best a partial and temporary 
solution.  It may reduce comfort complaints (and some RH related health risks), whil
ignoring, and very likely increasing other health risks that are not being measured.  
Furthermore, reducing ventilation air is only one way of tackling the RH problem 
hot/humid climates.  Dehumidification is a viable strategy for controlling indoor 
humidity that does not sacrifice other aspects of indoor air quality. Like ventilation, 
humidity control is a buildi
Summary and Recommendations 
The participants did not have time to come to consensus on specific recommendat
but the list b
w
 
• Builders need simple, preferably single, solutions that are easily impleme
More research is needed on the ventilation science, looking at minimum 
requirements, contaminants of concern (including humidity), regional issues and 
exposure. Much of the data justifying higher ventilation rates have come from 
Scandinavian countries. This may not be applicable to hot-humid climates where 
high vent rates can cause high humidities and dust mites and mold and other I
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problems.  What is the right vent rate that optimizes energy usage, eliminates 
moisture problems and keeps VOCs to acceptable levels? 
tion 
• To add s
relating to ASHRAE Standard 62.2 (or similar codes and standards) were identified 
as needing further development: 
ventilation rate and air distribution systems 
 furnishings) 
• ine 
hip between contaminant levels, ventilation rates and house properties. 
• 
and outdoor, b) 
problem when too high or too low, c) it is not itself a contaminant 
t has 
arding the 
While much of this workshop is generally applicable to most residential occupancies, 
the focus was on new, single-family homes.   Issues specific to HUD-code homes, 
multifamily buildings, or existing homes were not discussed in any significant way. 
• 3rd party labels or ratings should be developed/expanded to facilitate evalua
and implementation of energy efficient strategies 
• Risk assessment and IAQ analyses should be done evaluating moisture as a 
pollutant.  This could be extended to other outdoor air contaminants as well. 
re s barriers and other key issues mentioned above, several areas of work 
o Trade-offs between minimum 
o Role of infiltration 
o Minimum rates 
o Role of air cleaning/filtration 
o Material emission reduction (e.g. low emission
o Regional requirements 
o Alternative compliance mechanisms including “the IAQ method” of 62.1 
o Differences between new and existing homes 
A significant recommendation of the group was the need for a study to determ
the relations
Such a study would be large in scope and likely involve several institutions so that 
energy, indoor air quality, cost and sustainability concerns could be properly 
addressed. 
Another recommendation was to look at moisture as a special kind of contaminant. 
Moisture is special because a) for hot humid climates is both indoor 
it can be a comfort 
but can enable contamination when it allows materials to become too damp, d) i
a special kind of “air cleaning” in the form of AC operation and/or 
dehumidification. 
 
The workshop provided an excellent venue to exchange information reg
implementation of energy efficient residential ventilation.  The net outcome was felt to 
be positive and worth repeating.  It was generally felt that any future such workshop 
would benefit from more input from the indoor air quality community. 
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Barriers to Implementation of 
Energy Efficient Residential 
Ventilation 
Eric Werling & Dave Price
U.S. EPA,  Indoor Environments Division
 
Why is ventilation important? 
Ventilation is linked to health outcomes:
• Higher ventilation rates are associated with 
reduced health risks and increased productivity 
in offices & schools (insufficient research in 
homes)
• Exposure to some indoor pollutants is linked to 
chronic and acute health impacts (cancer, 
asthma, etc.) and we know effective ventilation 
can reduce concentrations/exposures
  
 
Who cares about ventilation?  
1. Consumers care about IAQ & Health
• They spend >$1 Billion annually on “air 
cleaning” products
• > 20 Million asthmatics
2. Building professionals are concerned 
about IAQ risks (callbacks, litigation, etc.)
3. Manufacturers care about ventilation 
product/system sales
 
Barriers to Implementation
What is stopping decision makers from implementing energy-efficient 
residential ventilation systems?
1. Cost Competition (better, efficient systems cost more)
2. Trade & Professional Myths (partial truths, misunderstood & 
perpetuated):
• “Energy penalty” of ventilation
• Ventilation increases RH
• No complaints = good IAQ
3. Lack of Training
• Sales people don’t understand benefits of ventilation or how to sell it
• Trades don’t understand how to properly design & install systems (fear of 
change)
4. Lack of Consumer Demand
• Consumers don’t realize they don’t have adequately controlled ventilation (the 
V in HVAC)
• They often believe ventilation wastes energy
  
 
Why is energy-efficient ventilation 
important?
1. Because of these barriers, professionals don’t 
promote, sell, & specify ventilation systems
2. If energy-efficient ventilation & 
dehumidification systems become available 
and cost competitive, professionals will be 
more likely to promote adoption
3. So, improving energy efficiency of ventilation 
solutions is critical to market adoption.
 
What is the critical path?
1. Increase Value Proposition (for 
consumers & builders)
2. Encourage Competition (to get prices 
down)
3. Increase Training Opportunities for Sales 
& Trades
 
Solutions
1. Strategies to overcome the barriers:
– Promote market transformation (e.g., the   
ENERGY STAR Indoor Air Package)
– Consumer Benefits Messaging
– Demonstrate that new technologies work
– Research to better understand/quantify risk 
reduction/benefits of Ventilation & Specific 
Strategies/Technologies (Building America, etc.)
2. Some technologies we’d like to see more of:
– Improved controls for ventilation systems, including 
better integration with HVAC
– Improved equipment for handling latent loads
 
Proposed Research
• Inter-agency study to assess pollutant source 
concentrations in new homes & the effects of 
mechanical ventilation
• EPA: David Price; DOE: Terry Logee; HUD: ?
• Objectives:
– Analyses of new/existing data on indoor pollutant levels, 
envelope tightness, ventilation rates, and OAQ
– Modeling of pollutant concentrations/ventilation rates 
– Initial Hazard Assessment for ventilation rates
– Risk Assessment of target pollutants over range of ventilation 
rates & climates
– Estimation of ventilation energy consumption for climate zones
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